Purpose This publication reports analytical properties of the designer benzodiazepine 8-chloro-6-(2-fluorophenyl)-1-methyl-4H-[1,2,4]triazolo[4,3-a][1,4]benzodiazepine (flualprazolam) seized in an anesthesia robbery case. Methods The target compound was identified by liquid chromatography-quadrupole time-of-flight-mass spectrometry (LC-QTOF-MS), gas chromatography-mass spectrometry (GC-MS), and nuclear magnetic resonance (NMR) spectroscopy.
Introduction
In recent years, a large number of new psychoactive substances (NPS) have emerged on the drugs market, with 899 substances being reported to the United Nations Office on Drugs and Crime (UNODC) in 2019 [1] . Many different classes of NPS, such as synthetic cannabinoids, synthetic cathinones, phenethylamines, piperazines, and plant-based substances, etc., have been encountered by law enforcement [2] . During the last 5 years, new psychoactive substances designer benzodiazepines (DBZDs) have been detected and seized on the illegal drug scene. In 2012, the first DBZDs were offered in Internet shops as an alternative to prescription only benzodiazepines (BZDs) [3] [4] [5] .
DBZDs have related structures to therapeutically used BZDs, but are not used for medical purposes. BZDs are mainly used as hypnotics/sedatives, anesthetics, tranquilizers, anticonvulsants, and muscle relaxants, but also treat panic disorder, or acute epileptic seizure. Abuse of classical BZDs used for medical treatment may lead to addiction, tolerance, or various intoxications. The potential risk of abusing DBZDs is not only addiction, but also serious health complications and consequences, as the pharmacology and toxicology of DBZDs are not thoroughly described, unlike BZDs used for the legal therapy. It is also necessary to note that DBZDs can be misused together with other drugs such as ethanol, central nervous system (CNS) depressants, marijuana, and other psychoactive drugs which can be potent in their negative effects on human organisms [6, 7] .
In November 2017, an anesthesia robber y case took place, and two bottles of liquid purchased from the Internet were seized. The DBZD 8-chloro-6-(2-f luorophenyl)-1-methyl-4H - [1, 2, 4] triazolo [4,3-a] [1, 4] benzodiazepine (flualprazolam) was identified in the liquid. This article reports on the analytical properties of this compound. Flualprazolam is very similar to alprazolam and flubromazolam in structure. Their structures are shown in Fig. 1 . Structure elucidation was carried out by means of liquid chromatography-quadrupole time-offlight-mass spectrometry (LC-QTOF-MS), gas chromatography-mass spectrometry (GC-MS), and nuclear magnetic resonance (NMR) spectroscopy.
Alprazolam is used to treat anxiety, depression, and insomnia as BZD. Flubromazolam was first patented in 1978 and was first reported to the European Monitoring Centre for Drugs and Drug Addiction (EMCDDA) in 2014 as DBZD for illegal use [8] . The pharmacological properties of flubromazolam have been reported by Manchester et al. [3] and Łukasik-Głębocka et al. [9] . Flubromazolam is a DBZD with a strong and long-lasting depressive effect on the CNS representing a high risk of severe poisoning complicated by hypoxial ischemic changes in the CNS. Ingestion of 3 mg of flubromazolam 19 h prior to hospitalization has been reported by a patient; severe respiratory failure, hypotension, CNS depression, and brain damage were observed [3, 9] . Flualprazolam was first patented in 1970, but has since not been found in the illicit abuse market [10] . Regarding flualprazolam, no analytical data could be found in the literature, and this is the first report on this compound in illegal products [11] .
Case history
A 21-year-old girl went to the public security authority to report the case, claiming that she experienced dizziness after drinking tea with a male "netizen" in a teahouse the previous night. She was unconscious and woke up at approximately 5 a.m. to find herself in a hotel room. She also discovered that her wallet and cell phone were stolen. A few days later, the suspect was captured. The police found two bottles of colorless and transparent liquid in his home (named Lie Yan). The suspect made a statement that he added the named 'Lie Yan' liquid to the victim's drinks. The victim was confused 1 h after taking the drug, fell asleep 2 h later, and then woke up a further 2 h after.
We did a quick test for the liquid using various drug rapid test kits and found that the liquid contained BZD(s).
Materials and methods

Materials
Methanol and formic acid were obtained from Merck Chemicals (Darmstadt, Germany). Acetonitrile was obtained from Fisher Scientific (Aalst, Belgium). All reagents used in the analyses were of HPLC grade. Distilled water was obtained by reverse diffusion in a Millipore system (EMD Millipore, Billerica, MA, USA). For NMR, deuterated methanol (CD 3 OD, 99.8%) was purchased from Cambridge Isotope Laboratories (Tewksbury, MA, USA). Alprazolam was purchased from National Institutes for Food and Drug Control (Beijing, China). Flubromazolam (1.0 mg/mL in methanol) was purchased from Cerilliant (Round Rock, TX, USA).
Sample preparation
For GC-MS analysis, 5 mL of liquid sample was extracted by ethyl acetate (1:1, v/v), concentrated to dry, and dissolved in 1 mL of methanol and sonicated for 10 min followed by filtration (0.45 μm filter unit; EMD Millipore). For LC-QTOF-MS analysis, the prepared solution was diluted with 0.1% formic acid (v/v) in water and passed through a centrifugal filter (0.22 μm filter unit; EMD Millipore). For NMR analysis, about 15 mg of the sample powder prepared by preparative liquid chromatography was dissolved in 1 mL of CD 3 OD. Preparative liquid chromatography analysis was carried out using an Agilent 1200 Series (Agilent, Santa Clara, CA, USA). Separation was performed with ZORBAX SB-C18 column (25 cm × 21.2 mm i.d., 7 µm particle diameter; Agilent) and methanol/water (70:30, v/v) as mobile phase. The flow rate was set at 20 mL/min and the injection volume was 0.2 mL. Fifteen milligrams of the target compound with purity of great than 98% was obtained from 80 mL of the liquid sample.
LC-QTOF-MS
LC-QTOF-MS analysis was carried out using a Water Acquity UPLC (Waters, Milford, MA, USA) coupled with AB Sciex TripleTOF 5600 detector (AB Sciex, Framingham, MA, USA). Separation was performed at 40 °C with an Acquity UPLC CSH™ C18 column (10 cm × 2.1 mm i.d., 1.7 µm particle diameter; Waters). For gradient elution, the mobile phases 0.1% formic acid in water (A) and acetonitrile (B) were mixed according to the following conditions: 0-1.5 min 2% B, linear to 90% B up to 6.5 min, hold at 90% to 9.4 min, back to 2% B at 9.5 min and equilibration to 12 min. The flow rate was 0.4 mL/min. The QTOF instrument was operated by electrospray ionization in the positive mode with the following parameters: ion spray voltage, 5.5 kV; turbo spray temperature, 600 °C; nebulizer gas (gas 1), 50 psi; heater gas (gas 2), 50 psi; and curtain gas, 30 psi. Nitrogen was used as the nebulizer and auxiliary gas. Typical information acquisition consisted of two steps: the acquisition of a survey full-scan spectrum followed by a tandem mass spectrometry (MS/MS) experiment. The fullscan experiment was operated in high-resolution mode. The optimized declustering potential and collision energy were set at 80 and 5 V, respectively. In the second experiment, a sweeping collision energy setting at 35 ± 15 V was applied for collision-induced dissociation to obtain the fragment ions from the ions in the preceding scan. The full-scan and the MS/MS experiment were both operated in the mass range of m/z 50-1000. Injection volume was 1 µL.
GC-MS
A Shimadzu 2010 gas chromatograph coupled with a QP2010 Plus mass selective detector (Shimadzu, Kyoto, Japan) was employed for the analysis. Chromatographic separation was carried out on a DB-5 MS capillary column (30 m × 0.25 mm i.d., 0.25 μm film thickness) (J&W Scientific, Agilent, Palo Alto, CA, USA), and helium at a constant flow rate of 1.0 mL/min was used as the carrier gas. The filtered solutions were injected in split mode (40:1) and the injection volume was 1 μL. The initial column temperature 140 °C was held for 3 min, and then increased to 300 °C at a rate of 20 °C/min and held at 300 °C for 16 min. The GC injector and transfer line were maintained at 280 and 250 °C, respectively. The ion source was maintained at 230 °C. Ionization energy was set at 70 eV. Acquisition was carried out in a scan mode range of m/z 35-500.
NMR spectroscopy
The NMR spectra were obtained on an Avance III 400 spectrometer (Bruker, Bremen, Germany) at 300 K with 400 MHz for 1 H and 100 MHz for 13 C. Assignments were made via 1 H-NMR, 13 C-NMR, 13 C-distortionless enhancement by polarization transfer ( 13 C-DEPT), 1 H/ 1 H correlation spectroscopy ( 1 H/ 1 H-COSY), 1 H/ 13 C-heteronuclear single-quantum correlation spectroscopy ( 1 H/ 13 C-HSQC), and 1 H/ 13 C-heteronuclear multiple-bond correlation spectroscopy ( 1 H/ 13 C-HMBC). The chemical shifts for 1 H and 13 C NMR spectra were referenced to internal reference tetramethylsilane.
Results and discussion
The LC-QTOF-MS spectrum of the target compound showed the protonated molecular ion ([M + H] + ) at m/z 327.0801 (C 17 H 13 ClFN 4 + ) and an isotopic ion [M + 2 + H] + at m/z 329.0776 due to the presence of chlorine atom (Fig. 2a) . The difference in the chemical formula between the target compound (C 17 H 12 ClFN 4 ) and alprazolam (C 17 H 13 ClN 4 ) was observed to be one fluorine. The difference in the chemical formula between flubromazolam (C 17 H 12 BrFN 4 ) and the Fig. 2b-d) . These findings indicated that the target compound was an alprazolam derivative with one fluorine atom substituted on the phenyl ring without chlorine atom and a flubromazolam derivative with replacing bromine with chlorine, i.e., flualprazolam (Fig. 1) .
The electron ionization mass spectrum of the target compound ( Fig. 3a) was also compared with those of alprazolam ( Fig. 3b ) and flubromazolam (Fig. 3c ). The differences between the fragment ions at m/z 326, 297, 291, 257, and 222 in the target compound and the fragment ions at m/z 308, 279, 273, 239, and 204 in alprazolam were 18, respectively, all due to the presence of the fluorine atom. The differences between the fragment ions at m/z 326, 297, and 137 in the target compound and the fragment ions at m/z 370, 341, and 181 in flubromazolam were 44, respectively, all due to replacement of bromine by chlorine. The fragment ions at m/z 291, 222, 111, 102, and 75 in the target compound are also observed in flubromazolam. These observations support the assumption that the target compound was substituted by one fluorine atom on the phenyl ring as compared with alprazolam and by replacing bromine with chlorine as compared with flubromazolam.
The specific substitution positions of the fluorine atom were further elucidated by NMR analysis. We compared the chemical shifts of the corresponding carbons of the target compound with those observed in the alprazolam. The chemical shifts of C-6a to C-10a in the target compound were similar to the phenyl ring with chlorine atom present in the alprazolam ( Table 2 ), but different from the aromatic protons on another phenyl ring. The presence of fluorine atom resulted in the splitting of the peaks in the 13 C spectrum. For the target compound, doublet splitting of the carbon signal in the aromatic carbon region and spin-spin coupling constants (J C-F = 249.7 Hz; J C-F = 11.5 and 21.3 Hz) were characteristic for 19 F-13 C interactions [12] . In Fig. 4 , one quaternary carbon that directly connected with the fluorine substituents was seen at δ C 161.7 ppm. The comparison (Fig. 4) proved the presence of another aromatic quaternary carbon (127.2 ppm) with C-F spin-spin coupling constants of 11.5 Hz, which were characteristic for J C-F spin-spin coupling [12] . Therefore, this indicated that fluorine atom was substituted in the ortho position of the phenyl moieties ( Fig. 5 ). Using both the 1D and 2D NMR spectra, the final assignments of the observed carbon and hydrogen chemical shifts for the target compound are shown in Table 2 .
On the basis of the above instrumental data, the target compound was identified to be flualprazolam.
Conclusions
In this study, a designer benzodiazepine 8-chloro-6-(2fluorophenyl)-1-methyl-4H- [1, 2, 4] triazolo[4,3-a] [1, 4] benzodiazepine (flualprazolam) was identified in illegal products seized in an anesthesia robbery case. The applied procedure for structure elucidation was based on LC-QTOF-MS, GC-MS, and NMR in the absence of a reference substance. Analytical data were presented to assist forensic laboratories that encounter these newly emerging compounds in casework. BZDs are a rather safe class of drug; however, for most of the DBZDs, no clinical trials were published, and therefore, severe side effects or unexpected toxicities cannot be ruled out. Flualprazolam Table 2 is not only used for recreational abuse but also used for criminal offences. It is a DBZD with a strong and longlasting depressive effect on the CNS representing a high risk of severe poisoning. This phenomenon warrants our attention.
